Introduction There is a downward trend of stroke-related mortality in the USA. By reviewing all published articles on stroke mortality in China, we analysed its trend and possible factors that have influenced the trend. Methods Both English and Chinese literatures were searched on the mortality of stroke or cerebrovascular diseases in China. Potential papers related to this topic were identified from PubMed, Medline, Embase, Cochrane Library, Wanfang Database, SINOMED and China National Knowledge Infrastructure databases. Results Comparing the results from the most recent population-based epidemiological survey and databank from the national Center for Disease Control and Prevention, the age-adjusted stroke mortality rate has shown a downward trend among both urban and rural population in the past 30 years in China. Comparing with 30 years ago, the rate of stroke mortality has decreased by more than 31% in urban/suburban population and 11% in rural population. In men, the age-adjusted stroke mortality rate decreased by 18.9% and in women by 24.9% between 1994 and 2013. Factors that may have contributed to the trend of decreased stroke mortality rate include (1) improved healthcare coverage and healthcare environment; (2) improved treatment options and medical technology; (3) support by government to educate the public on stroke and stroke prevention; and (4) improved public knowledge on stroke. Conclusions The age-adjusted stroke mortality rate in China has shown a downward trend among both urban and rural population in the past 30 years. The major influencing factors that helped in reducing stroke mortality in China included improved healthcare coverage, healthcare environment, the updated treatment options and modern medical technology.
InTRoduCTIon
Stroke is the second leading cause of death above the age of 60 years and the fifth leading cause of death in people aged 15-59 years old in the world. 1 In China, about 2.4 million people have a new stroke each year, 2 and 75% live with varying degrees of disability from stroke. 3 However, in several Western countries such as the USA, the age-adjusted mortality rate of stroke has decreased by 37% from 1999 to 2009. 4 In China, even with increased stroke incidence, stroke mortality rate has also been decreased in the past decades. In 2005, stroke was found to be the first leading cause of death in the third national survey on all causes of death. 5 Then, what was the trend in stroke mortality in China over the past 30 years? Was it trending up or down? By reviewing all published articles on stroke mortality in China, we analysed its trend and possible underlying factors that have influenced the trend.
MeThodS
Both English and Chinese literatures were searched on the mortality of stroke or cerebrovascular diseases in China. Potential papers related to this topic were identified from PubMed, Medline, Embase, Cochrane Library, Wanfang Database, SINOMED and China National Knowledge Infrastructure databases. The reference lists of all relevant studies and reviews were also checked in order to identify any pertinent information. Our search strategy consisted of MeSH terms and the following keywords: stroke mortality, cerebral vascular disease mortality, death from stroke or death from cerebral vascular disease in Chinese or China. Published data were tabulated based on their different variables. Reported rates on the mortality of stroke were tabulated and analysed.
ReSulTS data from the national population-based epidemiological study
The results from the national epidemiological survey of stroke in China in 2013 were published in Circulation at the beginning of 2017. 2 The survey was implemented and conducted by the Beijing Neurosurgical Institute and the National Office for Cerebrovascular Disease Prevention and Control, National Health and Family Plan- Open Access provinces (autonomous regions and directly governed municipalities) using multistage stratified clusters sampling method. The sampling was calculated according to a 1% prevalence rate of stroke, which required a total of 600 000 populations (across all ages) that should be surveyed. This study project was completed by two teams in two steps. The first step was the screening, completed by the investigators at the CDC of provincial and district/ county level. The second step was an onsite visit of those who were diagnosed with either a stroke, possible stroke or died from stroke from 1 September 2012 to 31 August 2013 by the local neurologists. This method helped to ensure the accuracy and reliability of the study results. Death due to stroke was determined according to the following criteria: patient's history, imaging test results and hospital records when alive, or the death certificate. In addition, entry would be confirmed if one of the following criteria was met: (1) bedridden after stroke and died from infection or organ failure; (2) dysphagia after stroke and died from aspiration pneumonia; (3) death from recurrent stroke; and (4) death from complications such as pneumonia, gastrointestinal haemorrhage, cardiopulmonary failure and so on. Those who have had partial recovery from stroke but died from other known causes, such as suicide, motor vehicle accident or cancer, were excluded from this survey. For those cases that had no clear medical history, or a diagnosis of death from old age or unclear causes, two neurologists would adjudicate their causes of death.
To determine the death attributable to stroke, the investigator obtained information by an onsite visit and combined it with the data on the causes of stroke. Onsite review was required by neurologists so that all documented deaths from 1 January 2012 to the day of the survey could be accurately recorded. The statistical analysis was performed on the mortality data obtained between 1 September 2012 and 31 August 2013. The mortality rate was calculated as the total number of death/average number of population during that period. Table 1 shows the total (cross all ages) mortality of stroke. Of all population investigated (595 711 people), the overall crude mortality rate was 127.2/100 000 (95% CI 118.2 to 136.3), and the weighted mortality rate was 85.9/100 000 (95% CI 71.8 to 100.1). Among them, the crude mortality rate for men was 139.1/100 000 (95% CI 125.8 to 152.5), and the weighted mortality rate was 90.0/100 000 (95% CI 72.8 to 107.3). In women, the crude mortality rate of stroke was 115.2/100 000 (95% CI 103.0 to 127.4), and the weighted mortality rate was 81.6/100 000 (95% CI 64.5 to 98.8). The age-adjusted stroke mortality rate (age-adjusted by the WHO world population) in rural areas was 116.8/100 000, significantly higher than that in the urban areas, which was 74.9/100 000. Table 2 lists the weighted mortality rate of stroke in adults (≥20 years) in 31 provinces in China. The top three provinces with the highest stroke mortality rate were Liaoning province (282.0/100 000), city of Tianjin (260.5/100 000) and Hubei province (211.9/100 000).
The two regions with the lowest stroke mortality rate were Shanghai (7.3/100 000) and Hainan province (8.5/100 0000).
early data from the population-based survey In 1980s, several large-scale, cross-sectional, population-based surveys on stroke were conducted. 6 7 These surveys were also conducted by onsite visit by neurologists. The methodology and the way to define stroke mortality were similar to the study employed in 2013. However, in 1980s, CT scan was just introduced to China and the diagnosis of stroke was mostly based on clinical findings. Therefore, the accuracy in stroke classification was lacking. In the 2013 survey, over 90% of patients with stroke had imaging examinations, which helped with the diagnostic accuracy, better stroke classification and determination of the cause of death from stroke.
In 1983, the survey of six Chinese cities (63 195 people) showed that the age-adjusted mortality rate of stroke (age-adjusted by WHO world population) 8 was about 108.5/100 000. In 1985, the survey of rural areas in 22 provinces (246 812 people) showed that the age-adjusted mortality rate of stroke was 131.8/100 000. In 2013, the survey in urban residents showed that the age-adjusted mortality rate of stroke was 74.9/100 000. To compare the two different rates of stroke mortality from these two different periods, it appeared that stroke mortality rate in China was lowered by 31.0% (six cities 30 years ago). 5 The 2013 survey also showed that the age-adjusted stroke mortality rate in all ages of residents in rural areas was 116.8/100 000, a 11.4% decrease compared with 30 years ago (figure 1).
In 1985, the other large-scale, population-based study on stroke mortality was conducted by the Armed Forces Epidemiology Research Group. It was a cross-sectional onsite survey of 5 814 851 people, which showed a stroke mortality rate of 77.2/100 000. 9 10 Since the sample size was too large, quality control of the survey was difficult. This might have contributed to the findings of lower rate of stroke prevalence, incidence and mortality than those in the other surveys during the same period in 1980s.
Since 1970s, the Ministry of Health of China has organised three national retrospective surveys of the causes of death. The second survey was completed during 1990-1992 and the third one between 2004 and 2005. 4 The survey recorded the findings based on findings from a combined search by clue and onsite visit findings. The second survey (1990) (1991) (1992) found the stroke death rate (crude) was about 101.93/100 000, age-adjusted (by China census population 1982) was 84.54/100 000. At that time, cerebrovascular disease was the third leading cause of death in China. However, the third national survey (2004) (2005) revealed that the stroke death rate (crude) was 136.64/100 000, age-adjusted to 81.19/100 000. It was this survey that has found cerebrovascular disease or stroke had become the leading cause of death in China (table 3) . Open Access data from the national disease surveillance system on stroke mortality Filing a report on death began in 1980s in China. There were two systems: the national disease surveillance points (DSP) and registry on cause of death by the Ministry of Health at that time.
The DSP system began in early 1980s. Professor He Guan-qing, a well-known epidemiologist, established a few pilot surveillance sites in the Dongcheng District of Beijing and Tongxian county. Surveillance sites were increased to 71 in 29 provinces (autonomous zone and municipality) in 1989. The project later became the official national DSP. In 1990, with the support from the World Bank, the Chinese Academy of Preventive Medicine employed multistage stratification random sampling Open Access process and built representative sampling sites in 31 provinces, municipalities and autonomous zones, and formed systematically 145 DSPs. This new DSP system covers 10 million populations and routinely collects data on any birth and mortality (about 1% of Chinese population). In 2003, the DSP system was expanded to 160 sites and covered 70 million populations.
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The Ministry of Health became responsible for all mortality registries in 1987. After 2000, this registry covered 90 counties in 15 provinces and eastern rural areas of China, about 100 million people, 8% of the Chinese population. Among them, 50% lived in the eastern area, 40% in central China and only 10% in the western region. The statistical centre at the Ministry of Health would collect and analyse the mortality rate of all kinds of diseases annually.
Recently, based on the data on global disease burden in 2013 (data from Chinese DSP system of CDC), Wang et al 12 from the School of Public Health of Wuhan University published in Stroke about the downward trend of stroke mortality among different age-adjusted groups in China from 1994 to 2013. Overall, in 20 years, stroke mortality decreased by 18.9% in men, but increased a little after 2010. In women, stroke mortality showed a consistent downward trend, decreased by 24.9% (figure 2). Professor GH Yang of the Chinese CDC stated that the age-adjusted stroke mortality rate was about 167.0/100 000 in 1990 and decreased to 126.8/100 000 by 2010. In this report, the mortality from ischaemic stroke was markedly less than that from intracerebral haemorrhage. Among them, the age-adjusted mortality rate of ischaemic stroke was 56.3/100 000 in 1990 and reduced to 46.7/100 000 in 2010. Mortality from intracerebral haemorrhage was 110.7/100 000 in 1990 and dropped to 80.2/100 000 in 2010. 13 However, the other Chinese CDC document reported that the age-adjusted stroke mortality rate was 199.7/100 000 in 1990 and reduced to 157.3/100 000 in 2013. Among them, death from ischaemic stroke was 51.6/100 000 in 1990 but increased to 62.9/100 000 in 2013. Death related to intracerebral haemorrhage was 148.1/100 000 in 1990 and dropped to 94.4/100 000 in 2013.
14 Although both documents came from Chinese CDC, there was a significant discrepancy between the two. The Statistical and Information Center of the Ministry of Health reported stroke mortality from the survey results of 36 cities and 80 counties in China from 1990 to 1998. During this period, the age-adjusted (by China census population 1982) stroke mortality among the urban residents was 84.11/100 000 and 74.05/100 000 in rural areas. 15 During a 9-year period, stroke mortality in urban areas was showing a downward Table 3 Death rates of six main diseases in the second (1990) (1991) (1992) and the third survey of the causes of death (2004) (2005) data from the Monitoring Trend and determinants in Cardiovascular disease (MonICA) study Designed by the expert group of WHO, the MONICA study was a project to monitor the trend of cardiovascular disease and stroke incidence and mortality in different countries. The MONICA study in China monitored people between the ages of 35 and 64 in 17 provinces from 1987 to 1993 and found that the mortality rate varied significantly. Anhui province had the lowest male stroke mortality rate at 27.0/100 000. The highest rate was in the province of Heilongjiang, at 107.3/100 000. Fujian province had the lowest stroke mortality rate in women at 14.0/100 000. Overall, stroke mortality rate did not change significantly between 1987 and 1993. 16 dISCuSSIon Literature has reported that in countries of high income, age-adjusted stroke mortality rate has decreased by 37% in the past 20 years. 17 In America, age-adjusted stroke mortality rate has always shown a declining trend in the past 50 years. Stroke has dropped down to be the fourth common death of diseases. 18 The 2013 scientific statement by the AHA/ASA mentioned that the factors that have caused the lower stroke mortality rate included lower incidence of stroke and fewer people dying from stroke. Looking back to 1970s, the strategy of controlling blood pressure better probably had the biggest impact on stroke mortality. Tightly controlling other risk factors such as diabetes and hyperlipidaemia, lowering rate of smoking, together with blood pressure control have all helped in lowering stroke mortality in the USA.
In China, the research on this newly discovered lowering trend in stroke mortality is lacking. It is even more difficult to explain why stroke has become the leading cause of death in China since 2005 while the report on stroke mortality has shown a downward trend over the past 30 years. Nevertheless, we have postulated the following possible explanations:
The improvement of overall healthcare conditions in China Improvement in healthcare environment and technology are two important factors that lowered stroke mortality in China. In the past 30 years, Chinese economy has had rapid growth. Healthcare access has continued to improve among urban and rural residents. The new healthcare insurance plan for the rural area helped rural residents get treated much more readily. Parry 19 reported that the health insurance coverage in China has increased from 45% in 2006 to around 90% in 2009. With the improved healthcare insurance coverage, more patients with stroke could get timely treatment in the hospital, which would reduce poststroke complications and death.
Hypertension is considered the silent killer since it is the most important risk factor for all vascular diseases including stroke. A report by Liao et al 20 showed that in China, treatment rates among those diagnosed with hypertension have increased to around 90% by 2009. And such improved awareness was more prominent in elderly.
Advancement of the clinical diagnosis and treatment technology Significant improvements on techniques for diagnosis, treatment and management, accompanied by more and better healthcare professionals, played a critical role in the decline of case fatality of stroke, and thus lowered the overall stroke mortality. 12 21 Data from the Chinese National Stroke Registry showed that during the beginning stage of offering intravenous rt-PA treatment to patients with acute ischaemic stroke, about one in five patients had the treatment if they presented within 3 hours. 22 Early treatment has translated into improved Figure 3 Trends of the crude mortality rates and the age-standardised mortality rates (ASMR) per 100 000 population for stroke in urban and rural in China, 1990 China, -1998 Open Access neurological outcome and hence lowered mortality of stroke. In recent years, the number of patients with acute ischaemic stroke treated with intravenous rt-PA has increased, especially in many cities in China. In addition, the establishment of stroke unit has improved stroke care and might have contributed to lowered stroke mortality. A cross-sectional survey in 2004 revealed that 7.4% of the 124 hospitals have established stroke units in Beijing. The report also stated that at the time of survey, around 300 stroke units have been established across the country. 23 24 Many county hospitals in rural areas have started to offer intravenous thrombolysis to treat acute ischaemic stroke. In the past 20 years, a new treatment technique, minimally invasive transcranial needle aspiration of haematoma for patients with intracerebral haemorrhage, has been widely implemented in China. 25 By the end of 2013, nearly 10 000 neurosurgeons, neurologists and doctors working at local emergency rooms (ERs) were trained on this technique, which has benefited more than one million patients with intracerebral haemorrhage. 26 The decline of stroke incidence in urban residents and epidemiological transition of stroke subtype in China The current (2013) study has found that stroke incidence was higher than the findings in previous surveys in China, even substantially increased in rural areas over the last three decades. However, in urban residents, the age-adjusted incidence of stroke (168.2/100 000) declined significantly than that in the 1983 survey (205.4/100 000), a decrease by 18.1%. This must have had a significant impact on the decline of stroke mortality in China.
A prospective population-based registry showed that the incidence of ICH has decreased significantly at a rate of 12.0% per year in Beijing, 4.4% in Shanghai and 7.7% in Changsha during the 1990s, although the incidence of ischaemic stroke has increased in Beijing (5.0% per year) and Shanghai (7.7%). 27 In recent times, the prevalence of obesity, hypertension, diabetes and hypercholesterolaemia in Chinese populations has increased because of increased calorie intake, alcohol consumption, cigarette smoking and reduced physical activity. There is a trend of stroke epidemiological transition, with increased IS and decreased ICH in China. This trend might have also played a role in the decline of stroke mortality over the past 30 years in both urban and rural areas.
The impact on improvements of stroke knowledge Improved stroke education and awareness of stroke in the past 30 years have helped in reducing stroke mortality. The Chinese government has invested heavily in the prevention and treatment of non-communicable diseases, which has rapidly improved the healthcare conditions and upgraded technology for all levels of healthcare institutions. Modern stroke prevention and treatment guidelines have facilitated the standardisation of stroke care for physicians and improved their skills. 28 29 Furthermore, public knowledge on stroke prevention and seeking timely treatment when stroke strikes have improved significantly in China. Currently, there is ongoing national campaign to shorten the prehospital delay of recognising stroke, transporting patient to the nearest ER, and treatment with intravenous thrombolysis and intra-arterial thrombectomy. It is likely that with improved public knowledge on stroke, fast transport of stroke patient and expedited treatment, stroke mortality rate may decrease further in China.
ConCluSIon
From the results obtained in the most current population-based epidemiological survey and data from the national CDC, the age-adjusted stroke mortality rate has shown a downward trend among both urban and rural population in the past 30 years. Comparing with 30 years ago, the rate of stroke mortality has decreased by more than 31% in urban/suburban population and 11% in rural population. In men, the age-adjusted stroke mortality rate decreased by 18.9% and in women by 24.9% between 1994 and 2013.
Factors that may have contributed to the trend of decreased stroke mortality rate in the past 20-30 years in China include (1) improved healthcare coverage and healthcare environment; (2) improved treatment options and medical technology; (3) support of government to educate the public on stroke prevention; and (4) better public knowledge on stroke. More research is needed to monitor the trend of stroke mortality in China.
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